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Oligodendrocytes myelinate axons in the central nervous system (CNS). In this issue of Developmental Cell,
Czopka et al. (2013) shed light on the temporal control of myelination by individual cells. They demonstrate
that oligodendrocytes in vivo have only a brief time window to initiate myelination, which has important
implications for CNS plasticity.In the vertebrate central nervous system
(CNS), oligodendrocytes form the myelin
sheath, which increases axonal conduc-
tion velocity (Emery, 2010). Diseases of
CNS myelin, such as multiple sclerosis,
have profound clinical significance, yet
many of the events regulating myelination
remain unclear (Emery, 2010). Mature
myelinating oligodendrocytes develop
from oligodendrocyte progenitor cells
(OPCs), which are present throughout
adult life and remain competent to
generate new myelinating oligodendro-
cytes (Emery, 2010; Kang et al., 2010). In
recent years, it has been recognized that
changes to the brain’s white matter tracts
are associated not only with neurological
disease but also with learning and mem-
ory in healthy individuals (Fields, 2010).
Despite the potentially significant role of
myelin remodeling in both health and dis-
ease, it has remained unclear whether in-
dividual oligodendrocytes are competent
to form new myelin sheaths for long pe-
riods of time after they initiatemyelination.
In this issue of Developmental Cell,
Czopka et al. (2013) use live-imaging
techniques in intact zebrafish to demon-
strate that oligodendrocytes are capable
of generating new myelin sheaths only
during a very short critical period. This
limited critical period may have important
implications for remyelination after injury
and myelin remodeling in the adult.
Development of the vertebrate nervous
system requires precise regulation of
complex cell-cell contacts; the interaction
between oligodendrocytes and axons re-
presents a particularly striking example.
Mature myelinating oligodendrocytes ela-
borate cellular processes to form myelin
sheaths around multiple axons (Emery,
2010). The number of myelin segments
elaborated by an individual oligodendro-
cyte varies widely from cell to cell. A singleoligodendrocyte may interact with axons
of different caliber, yet, strikingly,
generate myelin segments of the appro-
priate thickness for each individual axon
that it myelinates (Waxman and Sims,
1984). The mechanisms regulating these
interactions are unknown but probably
involve both extrinsic signals and cell-
intrinsic processes that coordinately
regulate myelination (Emery, 2010). In
addition, it is unknown whether mature
oligodendrocytes continue to modify the
number of myelin sheaths they produce
over time or whether myelin remodeling
is a product of OPCs giving rise to newly
differentiated oligodendrocytes. In order
to address these questions, Czopka
et al. (2013) performed a series of elegant
imaging experiments to observe mye-
lination during CNS development in
intact living zebrafish.
Using a combination of transgenic ze-
brafish lines that label oligodendrocytes
from the premyelinating stage onward,
the authors visualized mature myelin
sheaths, as well as the exploratory pro-
cesses of newly differentiated oligoden-
drocytes and the transformation of
these exploratory processes into nascent
myelin sheaths. Remarkably, time-lapse
in vivo imaging revealed that individual
oligodendrocytes produce all of their
myelin sheaths during a very short period
of time: single oligodendrocytes elabo-
rated their last myelin sheath only 5 hr af-
ter the first sheath was generated. This
5 hr time window remained constant
even when comparing oligodendrocytes
that initiated myelination at different
stages and in different regions of the
CNS. When individual oligodendrocytes
were followed from 4 days postfertiliza-
tion (dpf) to 20 dpf in vivo, no oligodendro-
cyte was observed to add any newmyelin
sheaths. Notably, some myelin sheathsDevelopmental Cellwere lost during this time period,
although the majority of oligodendro-
cytes maintained a constant number of
sheaths. A previous study used rat
OPCs cocultured with retinal ganglion
cells to demonstrate that oligodendro-
cytes have only a brief period during
which they can myelinate axons in vitro
(Watkins et al., 2008). The in vivo evidence
now presented by Czopka et al. (2013)
confirms and extends these in vitro
studies and suggests that the processes
that regulate the initiation of myelination
by oligodendrocytes are conserved be-
tween zebrafish and mammals.
Czopka et al. (2013) also found that the
same critical period applied to oligoden-
drocytes making varying numbers of
myelin segments. The authors showed
that experimental manipulation of Fyn ki-
nase signaling activity altered the number
of myelin sheaths produced by oligoden-
drocytes. The expression of a constitu-
tively active form of Fyn increased the
number of myelin sheaths produced by
each oligodendrocyte, whereas reducing
Fyn activity by morpholino-mediated
knockdown reduced the number of
sheaths per cell. Importantly, altering
Fyn activity appeared to specifically affect
the number of sheaths produced: there
was little or no effect on the number of ol-
igodendrocytes present in the spinal cord
or on the length of the myelin segments.
Despite the altered number of myelin
sheaths produced under these experi-
mental conditions, manipulation of Fyn
activity had no effect on the length of the
critical period of myelination. Although
the plasticity of CNS white matter is well
documented (Fields, 2010), the results of
Czopka et al. (2013) clearly demonstrate
that individual oligodendrocytes only
elaborate new myelin sheaths during a
short window of their development.25, June 24, 2013 ª2013 Elsevier Inc. 549
Figure 1. Oligodendrocytes Form New Myelin Segments during a Short Critical Period
Amodel of the interactions that define the critical period for the initiation of myelination. Premyelinating oligodendrocytes extend multiple processes that contact
many axons (A). Axonsmay send promyelinating signals in an activity-dependent manner (green axons), the first of which synchronizes the cell-intrinsic timer that
controls the critical period (A). During the critical period, oligodendrocytes are competent to receive axonal signals to initiate myelination (yellow boxes in A and B;
gray boxes denote myelin sheaths), but after the critical period (5 hr) these signals are blocked (red boxes in C). The timer may be controlled by changes in the
oligodendrocyte cell membrane that begin during myelination (black broken lines in B) and ultimately block axonal signals after the critical period is over (thick
black membrane in C).
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concern (1) the nature of the cues that
determine when an oligodendrocyte initi-
ates myelination and (2) the mechanism
that sets the length of the critical period.
In the peripheral nervous system, signals
that instruct Schwann cells to commence
myelination are known, but analogous
signals in the CNS remain largely elusive
(Emery, 2010). Nonetheless, it is likely
that the signals that trigger the onset of
myelination also mark the beginning of
the critical period, which starts when the
first myelin segment is generated
(Figure 1). The duration of the critical
period appears to be controlled by cell-
intrinsic mechanisms that operate inde-
pendently of a cell’s age or position within
the CNS (Czopka et al., 2013; Watkins
et al., 2008). It is possible that the process
of myelination itself determines the length
of the critical period: myelination involves
dramatic changes in the composition of
the oligodendrocyte membrane that may
alter the repertoire of receptors and
make the cell refractory to subsequent
signals that induce myelination (Figure 1).
Testing these possibilities will require the
elucidation of the molecules that control
myelination in the CNS.
A growing body of evidence suggests
that changes to CNS white matter occur
in the mature CNS in the absence of
disease. A recent study indicated that
extensive myelin remodeling takes place550 Developmental Cell 25, June 24, 2013 ª2in the adult mouse CNS, likely encom-
passing both themyelination of previously
naked axons and the generation of new
myelin sheaths on previously myelinated
fibers (Young et al., 2013). Other studies
have demonstrated that social isolation
reduces myelination in the mammalian
CNS (Liu et al., 2012; Makinodan et al.,
2012), and changes in myelination are
observed in humans following skill-spe-
cific training (Fields, 2010). It is still not
clear, however, how these changes take
place. One possibility is that existing oli-
godendrocytes may add new myelin
sheaths in an activity-dependent manner.
If the results of Czopka et al. (2013)
describing the temporal dynamics of
myelination during development also
hold true in the adult, this would suggest
that the addition of new myelin sheaths
is mediated by newly differentiated oli-
godendrocytes. Additionally, it is possible
that a mature oligodendrocyte could
modulate the thickness of its preexisting
sheaths in response to neural activity or
other factors.
In addition to a potential role in the
healthy adult CNS, the short critical period
during which oligodendrocytes remain
competent to myelinate could have sig-
nificant implications for remyelination
following injury or in disease. Although re-
myelination is efficient during the early
stages of multiple sclerosis, this regener-
ative capacity is lost over time (Franklin,013 Elsevier Inc.2002). In a diseased or injured CNS, a
short critical periodmight not be sufficient
for adequate remyelination. Czopka et al.
(2013) have defined an important aspect
of the regulation of myelination in the
CNS, and future studies delineating the
mechanism controlling the critical period
could have broad implications for CNS
plasticity and repair.REFERENCES
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